orie'ntations; <ul> appears to be relatively insensitive to changes of surface structure or surface density.
I
The experim~nta1 results correlate well with those obtained for platinum and silver single crystal surfaces.
--2-
It is believed that all monatomic face-centered cubic crystal surfaces should have mean displacements markedly larger than that in the bulk.
INTRODUCTION
It has long been postulated 1 that the lattice vibration spectra of atoms at the surface should be different from the bulk atoms. Since this predicted large vibrational amplitude is ' restricted ,to atoms i~ the surface plane, the vibrational amplitude should rapi~ly approach the bulk value within a ~ew atomic plan~s.2::3 Low energy electron diffraction appears to be the only experimental technique which can be, used ~onveniently to detect this effect. Since low energy electrons (lO~500 eV) back-scatter after pepetrating only a few atomic layers, this tec~illique has been e~inently successful in monitoring surface pheno~ena on an atomic scale. The terr.perature dependence of the diffracted lovr energy elec-cron Such measurements have been previously carried out using three low index faces of plat'inum 8 [( 100), (111), and (110) J and the (111) face'of silver 9 in the' temperature ranges 25-700°C and o C 1 respectively_ The root mean square displacements of surface atoms perpendicular to the surface planes were determined. For all of the faces which were studied a root mean sq~are displacement < ul> which was (40-100%) larger than the mean displacement of bulk atoms was measured. 8 ,9
In order to determine whether these results are repre-'
sentative of all face-centered cubic crystal surfaces we have , measured the root mean square displacement in the (100) and (111) surfaces of palladium and 'the (111) face of lead using back-diffracted low energy electrons (10-500 eV) in the temperature ranges 25a60000 and 25-230°0, respectively. We obtain a more ordered surface with sharper diffraction features.
Ion bombardment was necessary to obtain the diffraction pattern .. ' .
• 'ff ' .
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The (lOO)-face of palladium is known to undergo surface 12 phase transformations in the studied temperature range. The (2 Xl), (2 X 2), and c(2 X 2) surface structures are formed • with increasing temperature above 200_250°C. 12 It was found that, in fact, the'appearance of the (2 X 2) surface structure and then its partial transformation into the c(2 X 2) structure during the experiment could not be avoided. We have attempted to measure the Debye~Waller factor on the (100) face of palladium in the absence of any surface structure by heating the crystal to only 250°C, below the formation temperature of the surface structures. This way the diffraction pattern which.
is due to the substrate unit mesh (1 X 1) could be maintained throughout the experiment. The mean displacement calculable from the data obtained in this study agreed well with the values obtained in measurements which were carried out in the presence of surface structures. Therefore, most of the studies were carried out in the presenc'e of these surface structures in order to extend the measurements to a wider temperature range and thereby minimize the experimental error. The reproducibility of consecutive measurements was uneffected by the extended heating cycles necessary to perform the experiments. All of the measurements of the temperature dependence of the specularly reflected electron beam (OO-reflection) was ' . 8 carried out by the transient method.
The palladium crystal was heated to 600 0 e (230°, for lead) and then the heating current was turned off. The intensity of the (OO)-reflection 13 ' was measured continuously using a small angle spot-photometer as a function of temperature while the crystal was cooling to room temperature. The photometer output and the thermocouple emf were displayed simultaneously on an x-y recorder. This transient technique avoids the difficulties which arise from the interference of the heating current with the impinging electron beam, which make measurements below 50 eV electron beam energies very difficult to 'perform.
The ~ngle of incidence of the impinging electron beam was .
(2.5-6°) with respect to the surface normal for most of the " "measurements. 2.5° is the smallest angle to the surface normal' which can be used in the post-acceleration diffraction chamber.
The intensity of the fluorescent screen background was monitored by either rotating the crystal so that the (OO)-reflection was
directed back to the electron gun (which is normal to the surface plane.) or by, 'scanning with the spot photometer about the (OO)-reflection. The background intensity was found to be virtually independent of temperature at low beam voltages «200 eV). However, for palladium, at higher electron ener~ies, the background intensity was found to systematically increase slightly with increasing temperature. This intensity change was taken into acco~nt in calculating the root mean square displacements. The IOO vs. T curves were measured at different electron beam ener.gies in the range of 10-400 eVe Those beam energies were selected which correspond to intensity maxima.
It may be useful to list some of the experimental difficulties which affect the accuracy of the measurements (5-10%).
There is uncertainty in measuring the background intensity since it may vary markedly in the vicinity of the (OO)-reflection.
Also, ,the intensity of the (OO)-reflection varies along the crystal surface due to the variation of crystal perfection along the surface, i.e., changes in the number of domains of ordered atoms in the crystal area hit by the electron beam flux ("'lmm 2 ). Therefore, care should be taken to standardize the conditions of the experiments.
It is advisable to use as large temperature range as possible in order to improve the accuracy of the Debye-Waller ,factor measurements. This is difficult when working with solids' with low melting point or high vapor pressure.
In order to obtain the Debye-Waller factor from the experimental intensity curves the background intensity has been'subtracted. This way :the contribution of thermal diffuse , ' 14 scattering to the total intensity is removed.
The intensity of scattered electrons (neglecting multiple scattering events)
is then given by (1) where the exponential term is the Debye-Waller factor A is the electron wavelength, <I> is the angl'e of incidence with < u > calculated from the log 100 ~. T curves using Eq. (1) is plotted as a function of beam voltage for the (100) and ( It is apparent that all of the diffraction pea~s which are due to either primary or "secondary" Bragg re:"'lections J show uniformly decreasing intensities with i~creasing te~pera~~re. UCRL-17837 -16-
where D is the interplanar distance l k is the scattering vector l <I> is the phase angle and T is the transmission coefficient. At the intensity maxima 'predicted by the three-dimensional kinematic theory (2Dk= 2wn)J M is equal to . .
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